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Mail Stop Amendment 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

I, Robert J. Svodoba, declare that: 

1 . I was employed as a contract employee with Delphi Technologies, Inc. 
("Delphi"), Troy, Michigan, during the relevant time period. 

2. I graduated with a B.S. degree in chemical engineering from Michigan 
State University. 

3. I am one of the inventors identified in the above-identified U.S. Patent 
Application Serial No. 10/797,301, filed on March 9, 2004, for a Ceramic Assembly 
With A Stabilizer Layer. 
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4. On or before August 1, 2002, Joseph M. Keller, another co-inventor in 
above-Identified U.S. Patent Application Serial No. 10/797,301, and I conceived a 
method of producing a ceramic assembly, comprising: disposing an electrode 
precursor on an electrolyte precursor having an electrolyte sintering shrinkage; 
disposing a stabilizer precursor having a stabilizer sintering shrinkage on the 
electrode precursor on a side opposite the electrolyte precursor to form a precursor 
assembly, wherein a difference between the electrolyte sintering shrinkage and the 
stabilizer sintering shrinkage Is less than or equal to ±1%; and sintering the 
precursor assembly to fonn the ceramic assembly comprising a stabilizer layer, 
electrode, and electrolyte, wherein a surface of the ceramic assembly has less than 
or equal to about 5.0 degrees camber, as measured from the horizontal plane. See 
U.S. Patent Application No. 10/797,301, claim 1. 

5. On or before August 1 , 2002, Joseph M. Keller and I conceived a 
method of producing a solid oxide fuel cell, comprising: disposing a first electrode 
precursor on a solid electrolyte precursor having an electrolyte sintering shrinkage; 
disposing a stabilizer precursor having a stabilizer sintering shrinkage on the first 
electrode precursor on a side opposite the electrolyte precursor to form a precursor 
assembly, wherein a difference between the electrolyte sintering shrinkage and the 
stabilizer sintering shrinkage is less than or equal to ±5%; disposing a second 
electrode precursor on a side of the solid electrolyte precursor opposite the first 
electrode precursor; and sintering the precursor assembly to form the ceramic 
assembly comprising a stabilizer layer, first electrode, and electrolyte, wherein a 
surface of the ceramic assembly has less than or equal to about 5.0 degrees 
camber, as measured from the horizontal plane. See C/.S. Patent Application No. 
10/797,301, claim 26. 
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6. Attached hereto is a true copy of relevant portions of a record of 
invention that was prepared in the United States of America prior to August 1. 2002 
describing a method of adding a stabilizing layer to a solid-oxide fuel cell to increase 
the flatness of the solid oxide fuel cell, which was signed by Haskell Simpkins, 
Joseph M. Keller and me prior to August 1 , 2002. See Exhibit A (redacted), 7 
pages. 

7. The record of Invention referred to in Paragraph 6 includes a 
description of a method of producing a ceramic assembly or solid oxide fuel cell 
including the steps of providing a electrolyte-anode precursor composite bi-layer, 
and disposing a stabilizing precursor layer on an anode side of the electrolyte-anode 
precursor composite bi-layer, wherein the stabilizing precursor layer has similar 
shrinkage properties as the electrolyte precursor to counter-balance the distortion 
caused by the shrinkage mismatch of the electrolyte and the anode that occurs 
during a sintering operation. See Exhibit A (redacted), pgs. 1-3. 

8. The record of invention referred to in Paragraph 6 shows that the 
method includes disposing a cathode precursor on a side of the electrolyte precursor 
opposite of the anode precursor. See Exhibit A (redacted), pg. 3. 

9. The record of invention referred to In Paragraph 6 discloses an 
illustration of the ceramic assembly or solid oxide fuel cell that is formed using the 
method described in Paragraphs 7 and 8, which includes a stabilizing layer, an 
anode, an electrolyte, and a cathode. See Exhibit A (redacted), pg. 3. 

1 0. Attached hereto as Exhibit B is a true and original copy of a 
presentation entitled "Addition of Stabilizing Layer to Increase Solid Oxide Fuel Cell 
Flatness Invention No. DP-308342" that Joseph M. Keller, Haskell Simpkins and I 
prepared on or before August 1, 2002 in the United States of America. See Exhibit 
B, 8 pages. 
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11. The presentation referred to in Paragraph 10 discloses a solid oxide 
fuel cell including a first electrode (i.e., anode and active anode) disposed on an 
electrolyte, and a stabilizing layer disposed on the first electrode on a side opposite 
of the electrolyte, wherein the electrolyte and the stabilizer layer are formed of the 
same material (i.e.. yttra stabilized zirconia). See Exhibit B, pgs. 2-3. 

12. The presentation referred to in Paragraph 10 states that that 
"[qjualitative measurements have confirmed improved flatness for cells containing 
stabilizing layers " See Exhibit B, pg. 5. 

13. On or before August 1 , 2002, 1 and Joseph M. Keller conceived that 
the solid-oxide fuel cell described in Paragraphs 11 and 12 may be formed using the 
method recited in Paragraph 4. 

14. The presentation referred to in Paragraph 10 further discloses that the 
solid oxide fuel cell described in Paragraphs 1 1 and 12 also includes a second 
electrode (i.e., cathode) is disposed on a side of the electrolyte opposite the first 
electrode. See Exhibit B, pg. 2. 

15. On or before August 1, 2002. Joseph M. Keller and I conceived that 
the solid-oxide fuel cell described in Paragraph 14 may be formed using the method 
recited in Paragraph 5. 

16. I actually reduced to practice the invention included in Paragraphs 4 
and 5 set forth above on or before August 1 , 2002. 
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17. On or before August 1, 2002, 1 formed a ceramic assembly by 
performing tlie steps of: disposing an aiiode precursor on an electrolyte precursor; 
disposing a stabilizer precursor on the electrode precursor on a side opposite the 
electrolyte precursor to form a precursor assembly, wherein the electrolyte and the 
stabilizer were both formed of yttria stabilized zirconia; and sintering the precursor 
assembly to form the ceramic assembly comprising a stabilizer layer, electrode, and 
electrolyte. See U.S. Patent Application No. 10/797,301, claim 1. 

18. On or before August 1, 2002, 1 formed a solid oxide fuel cell by 
performing the steps of: disposing an anode precursor on a solid electrolyte 
precursor; disposing a stabilizer precursor on the anode precursor on a side 
opposite the electrolyte precursor to form a precursor assembly, wherein the 
electrolyte and the stabilizer were both formed of yttria stabilized zirconia; disposing 
an cathode precursor on a side of the solid electrolyte precursor opposite the anode 
precursor; and sintering the precursor assembly to form the ceramic assembly 
comprising a stabilizer layer, first electrode, and electrolyte. See U.S. Patent 
Application No. 10/797,301, claim 26. 

19. The presentation referred to in Paragraph 10 includes a photograph of 
the ceramic assembly/solid oxide fuel cell that I formed by performing the steps 
recited in Paragraphs 17 and 18, wherein the photograph shows, among other 
features, a screen printed stabilizer layer formed of yttria stabilized zirconia attached 
to a fuel cell frame. See Exhibit 6, pg. 8. 

20. The presentation referred to in Paragraph 10 illustrates the results of a 
test that I performed on a ceramic assembly/solid oxide fuel cell that I formed by 
performing the steps recited In Paragraphs 17 and 18, wherein the stabilizer layer 
was formed using tape punching. See Exhibit B, pg. 7. 
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21 . The test referred to in Paragraph 20 was conducted to deternoine the 
amount of camber on a surface of the ceramic assembly/solid oxide fuel cell formed 
by performing the steps recited in Paragraphs 17 and 18. See Exhibit 8, pg. 7. 

22. The results of the test refenred to In Paragraph 20 were obtained using 
a UBM Non-Contact Imaging System. See Exiiibit B, pg. 7. 

23. The test referred to in Paragraph 20 shows that a surface of the 
ceramic assembly had less than or equal to about 5.0 degrees camber as measured 
from a horizontal plane. See Exiiibit B, pg. 7, 

24. As a result of the test referred to in Paragraph 20, Joseph M. Keller 
and I recognized that the method recited in Paragraphs 17 and 18 successfully 
resulted in the formation of a ceramic assembly/solid oxide fuel cell with increased 
flatness relative to a standard solid-oxide fuel cell that did not include a stabilizer 
layer. See Exiiibit fi, pgs. 3, 7. 

25. I hereby declare that all statements made herein of my own knowledge 
are true and that all statements made on the information and belief are believed to 
be true, and further that these statements are made with the knowledge that willful 
false statements and the like so made are punishable by fine or imprisonment, or 
both, under 18 U.S.C. § 1001, and that such willful false statements may jeopardize 
the validity of the application or any patent issued thereof. 

Dated: 

Robert J. Svoboda 
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Record of Invention 
and 




Fill Number 




For I.P. 011109 UatONy 



Request for Intellectual Property inves^^Jon^^^^^^^ C^f^Ttk 

This Raeord of lnv«ntion provldM written doeunMntetion of your invontlon and initiates a 
proesss Uiat may rasuH in tfw filing of a fwtont appiication. 

Delphi Unit: '^:^Uf>y(^rvbh^ (^ttf. - fLuur Site/Location: Technical Center Flint 
Product group this invention applies to: Solid Oxide Fuel CeHs 



Invention Title: Addition of Stabilizing L^yer to Increase Solid Oxide Fuel Cell Flatness 



To diicloee and record your Inventlofit provide the following information: 

f . To the best of your present knowledge, descritm ttie background of your Inventton, Briefly describe the 
prior apparatus, material or prxx:ess that is Improved, replaced or most simKar to your Inventton. What 
are the problems or shortcoming of the prior apparatus, material or process that are overoorrm by your 
Invention? 



Flatness Is an important aspect for the ceramic cell component of the solid oxide fuel cell system. Due 
to a shrinlcage mismatch between the porous nickel and yttria stabilized zirconia anode and the dense 
yttria stabilized zirconia electrolyte the cell develops a camber during the sintering operation. 
Previously, the degree of camber was reduced slightly by a creep flattening process requiring the 
sintered ceNs to be fired at high temperature under ceramic weights. Creep flattening Is time 
consuming and adds large amounts of energy due to the additional firing step required* Also, it only 
reduces camber by a limited amount 



t A 



2, Describe your invention. Provide enougti detail of the specific new features, components or steps tt^at 
form the invention to enabie a technteal understanding of its content and novelty. Include a drawing with 
reference numbers Iceyed to your text description. Explain how your irtvention differs from and Improves 
or soh^es the problems of the prior apparatus, material or process described above. 

The invention uses yttria stabilized ziroonia or a niatarial of similar shrinlcage properties as a stabilizing 
layer on the anode side of the electroiyte*anode composite bNayer The similar shrinkage properties 
on each side of the anode will counter-balanoe the distortion caused by the shrinkage mismatch of the 
electrolyte and the anode. 

BesMes thermal expanston matching with the electrolyte, the stabilizing layer must account for these 
other critical properties: 

1. ) Sufficient transfer of fuel gas into the anode 

2. ) Electrical contact with the anode 

Four solution are proposed: 

1. ) An elastomer based yttria stabilized zirconia tape is applied to the anode skie of the electrolyte- 
anode composite bi-tayer. The tape is manufactured with an open hole or mesh pattern. 

2. ) A soivent-tased yt^ stabilized zirconia slurry is applied in an open hole or mesh pattern to the 
ariode skJe of the electrolyte-anode composite bi-layer. The slurry can be applied using 
scrsenprinting. spraying, or other metliods. 

3. ) An elastomer yttria stabilized ziroonia tape containing fugitive material is applied to the anode skto 
of the electrolyte-anode composite bi4ayer The fugitive material will bum off at temperatures betow 
the sintering temperature causing vokJs in the fired ceramic. 

4. ) A solvent-based yttria stabilized zirconia sluny containing fugitive material is appHed to the anode 
skto of the electroiyte-anode composite bi-layer. The fugitive material will bum off at temperatures 
betow the sintering temperature causing voids in the fired ceramk;. 

Key features of the open pattern design (1 and 2): 

1. ) The patterns must contain enough open area to allow sufficient gas ftow to the anode 

2. ) Electrical contact must be made at the open areas 

Key features of the fugitive material design (3 and 4): 

1. ) Porosity must be great enough to allow sufficient gas flow to the anode 

2. ) A conductive material (such as nickel) must be applied after firing. A 80lvent4>a8ed nickel slurry 
can be applied, diffusing into the pore structure making electrical contact to the aruxle layer The 
nickel can be printed in an open pattern to allow for gas flow into the anode. 



To help establish the data anu status o1 your invention, provide th. Miowlng infdrmatioti: 

3. Date this invention ms first thought of: 



4, Attach a copy of the first written description and/or sl<etch of the invention. (preferat)fy signed, dated & 
witrjessed). 

5. Date this invention was or is expected to be disclosed outside of Delphi: no 
If disclosed, to whom: (customer, supplier, public, etc) 



6. Date tttis Invention was used or is committed to be used In product: 

7, Date this inventton or a system including or using this 

Invention was or will be offered for sale outside Delphi: 



A Does this Invention relate to a Government Contract? Yes □ No [3 
If yes, ktonWy the government Cot^ct/Purchase Order No, 



If a patent application la to be filed on your invention, you may be contacled to provide (1) 
further information aix>ut your knowledge of prior art or events tliat mlglrt affect our ability to 
olrtaln a patent and (2) a mors complete or updated description of what you coneider to lie the 
tiest mode of carrying out your invention. 



Name: Robert 



MkMto Initial 



Svot)Oda 



Last Name 



Social Security No. 



Delphi Employee: 



□ Yes 

□ no 

Home Address: 612B King Arthur Dr Swartz Creek. Ml , 46473 



Citizen oft USA 

□ Salary □ Hourty 

E Contract □ Other 
Home Telephone: 



Work Address: 



street /P.O. Box No. 
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City and 



ZJpCocto 
Telephone: H 



Fax Number 



(ArwCodi)«Nuintar 



Department Name/Number 32-22 



Mai! Code: ^^S-^^P-PO 



Immediate Manager To<>gpi> \!p\\f/ Mall Code: ^^S" " Telephone: 

2nd Level Manager ^jjk \s^rr Mall Code: -J?^0 -T^C ) Telephone: 

Contract Employer j^piA Dr'StcjM Sv^Wt^i*^ Telephone: 



(ATM Coti») ♦ Nwnbtr 



(if applicable) n^an n ^ 

Contract Employer Address: jQo^ Tri'-K/K U 



stmt 
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ZI0Codo 



Name: Haskell 



First Nam* 



Slmpkins 



Sodai SecurHy No. 



MUdle Initial Last Name 

{3 Yes 



OelpN Emplo/ee: 



Citizen of 
^Salary 



□ Hourly 



Home Address: /ZllOt {jJC^LLMJerf&tJ tA- 



□ No 



□ Comract n other 
Home Telephone: HH 



StrMt/RCBoxNo. CltywidSliie ZIpCoda 
vyfork Address: hiAMilJ^ HU^T Telephone: 
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(MwCadi)*Ni«ib« 



Immediate Manager STCS/C- C^/W^^^ MaBCode: J^j-^UeiJ Telephone: 
2nd Level Manager J/N >!JC^<L/WJ MaBCode: /^i^H^fU^STf Telephone: 




Contract Employer _ 
(<f«ppUcabl») 

Contract Employer Address: 



(ArMCodv)*Nunib«r 
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City and 
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Name: Joseph 



M 
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Citizen of; 



First Name Middle InHial UstName 

^ DNo <= □contract □ Other 
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Telephone: ^HHIH 

Mail Code: C//? $^OPO-I 3D 
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If there are more than three (3) inventors, copy this page as needed. ** 
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Guidelines for Description of Invention 



Ifgchanlcal and Electrical Devices: Include a detailed description and drawings which Illustrate all essential 
elements of the invention and the environment in which it is used. The description should describe the 
structure and its operation key-numbered to the drawing(s). To the extent known, alternate embodiments 
shouki be described. In the case of systems and circuits, use accepted symbols or labeled blocks for 
standard components. A computer program or controlling algorithm, if important to the invention, shoukl be 
provkied in flow chart or similariy accepted format, and input^oulput signals shouM be Mentified and related to 
appropriate sensors/actuators. 

Chemical and material Inventions: Identify all essential materials (in chemical terms, not trade names) used 
and altematives therefor. Alt significant variables needed to define the invention must be klentified, quantified 
and discussed. Depending on the nature of the invention, such variables might include treatment/reaction 
tinnes, temperature, pressure, concentration, particle shape/size, viscosity, crystal structure, phases, porosity, 
pH, density, tensile strength, polymer chain length, etc. Each variable should be quantified in terms of an 
operative range and a preferred embodiment, e.g. The heat treatment is carried out between I WC and 
2WC (preferably les^'C)'. The function/purpose of each variable shoukl be described, including a statement 
as to what happens if the variable foils ouiskle the operative range, e.g. "Component A serves as a plaslici»r 
for Component B. Below 100''C, Component A will not mix with Component B, and above 200^C it 
evaporates.' Finally, a recipe for at least one detailed wortdng example should be provkied. Preferably, 
several such examples will be provkied covering the foil range of the signifk:ant variables used to define the 
inventton. 

PfoeMmn: Include a schematic of the components monitorsd, controlled and/or created 1^ the process and 
a ftow chart of the process illustrating the steps of the process at a level from which one skiBed in the art can 
understand and inrvplement the process. The description should set forth the operation of the process 
describing each step of the flow chart and its relationship or interactton with the components monitored, 
controlled and/or created by the process. 



Protecting Your Invention 

When a new idea comes to you, immediately make a drawing or sketch of it and write a brief description 
sufficient to make your invention clear to others working in the same field. Show the drawing and description 
to two of your associates who are not co-inventors and make sure they understand your Invention. You and 
your co^nventors, and your associates as witnesses, should sign and date the drawing and description. The 
date used must be the date of the signature. The witnesses should state etx>ve their signatures that the 
drawing and description were reviewed and understood by them. Include the documents with your Record of 
Inventton. 

Be aware that patent rights may be lost inrevocably by action of law, in spite of tintely documentation and 
sutmissfon of a Record of Invention, through actions taken by you or others prior to an actual patent 
applk»tion being fited in the appropriate government Patent Office. Such actions may include: (a) put)lishing 
the invention, (b) using the invention in public or commercially in our plants, (c) disclosing or offering to sell an 
item incorporating the invention outside Delphi or (d) obtaining a quote for such an item from e supplier. 
Please sut)mit your Record of Invention without delay when you think of an invention and report any past or 
planned disclosure of the invention outside Delphi or commercial use of the invention so appropriate steps 
may be taken to avoid loss of patent rights. 
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AuthoriMtion 

I hereby assign this invention to Delphi TechnologfoSr Inc. and authorize 




This Invention was reviewed and undoretood by the witnesses below: 
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